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Combination vaccine for poultry 

The present invention relates to a combination vaccine for the protection of poultry against 
Ornithobacterium rhinotracheale, to the use of a live over-attenuated Ornithobacterium 
5 rhinotracheale strain and a live attenuated poultry virus for the manufacturing of such a 
combination vaccine, to methods for the preparation of said combination vaccine and to 
vaccination kits for the immunization of poultry against Ornithobacterium rhinotracheale. 

Over the last decades, in many countries a strong raise in both the number of poultry farms, 
1 0 and in addition, an increasing number of animals per farm has been seen. This situation has a 
serious consequence: large scale outbreaks of poultry diseases are seen more and more 
frequently. This in turn has caused an increasing need for new and better vaccines and 

■ 

vaccination programs in these countries. 

Nowadays, most animals are immunized against a number of diseases of viral, bacterial and 
1 5 parasitic origin. Examples of bacterial agents infective to poultry are Ornithobacterium 
rhinotracheale, Haemophilus paragallinarum (Coryza), Salmonella spp 9 Pasteurella 
multocida, Bordetella bronchisepUca and E. colL Examples of viral poultry pathogens are 
Newcastle Disease virus (NDV), Infectious Bronchitis virus (IBV), Turkey Rhinotracheitis 
virus (TRT), Herpesvirus of Turkeys (HVT), Fowlpox virus (FPV), Avian Reovirus (ARV), 
20 Infectious Laryngotracheitis virus (ILT), Marek's Disease Virus (MDV) and Infectious Bursal 
Disease virus (IBDV). 

Ornithobacterium rhinotracheale is a relatively new bacterium causing a disease known for 
about a decade now, and found frequently in La. chickens and turkeys. Clinical signs in 

25 chickens are e.g. airsacculitis or coughing, pneumonic lungs or pleuritis. In turkey flocks in 
several parts of the world, a comparable infection of the respiratory tract is found. Mortality 
in flocks suffering from the disease can be as high as 5%. The first clinical signs are 
comparable to infection in chicken: sneezing and nasal discharge. In some animals clinical 
signs of acute infection are seen. Examination of sacrificed animals shows edema of the 

30 lungs, fibrinopurulent pneumonia and often serofibrinous pericarditis and serofibrinous 
infection of the airsacs. Ornithobacterium rliinotracheale is extensively described in 
European Patent EPO.625.190. Identification, serotyping and experimental infection in 
turkeys and chickens have been described e.g. by van Empel, P.CM. et al., in Journ. of Clin. 
MicrobioL 35: 418-421 (1997), by van Empel, P.CM. et al., in Avian Diseases 40: 858-864 

35 (1996) and by van Ernpel, P.CM. et aL, in Avian Pathology 28:217-227 (1999). A review on 
Ornithobacterium rhinotracheale has been published in Avian Pathology 28: 217-227 (1999) 
by van Empel, P.CM. and Hafez, ELM. 
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If an animal suffers from infection with a virulent pathogen, the immune system will try to 
remove the pathogen. Provided that the infected animal survives the infection, it usually 
develops a long-lasting immunity against the pathogen. 
5 Vaccination with an attenuated pathogen mimics the natural infection in that it induces 

immunity, however without causing unacceptable clinical signs. Some clinical signs, in other 
words; some residual virulence, has to be accepted however because without this, the immune 
system will in most cases be insufficiently triggered Generally spoken, vaccination is the way 
to avoid large scale infection and its negative consequences. 

10 

Vaccines against most of the known pathogenic bacteria and pathogenic viruses may 
comprise either inactivated or live attenuated pathogens, depending upon the purpose and the 
way of administration. But if it comes to efficient and early protection of young animals, 
combined with ease of application, live attenuated vaccines are clearly an attractive choice. 
1 5 Such vaccines can be given from the day of birth, for poultry even in ovo 9 and if preferred, 
they can be applied from day of birth simply by spraying or through drinking-water 
application. 

Spraying of vaccines is especially attractive for poultry and is currently applied on a very 
20 large scale for e.g.: Infectious Bronchitis virus, Newcastle Disease virus, Turkey 
Rhinotracheitis virus, Infectious Bursal Disease virus and Avian Reo virus. 

The main disadvantage of vaccines derived from virulent pathogens is, that they must be 
carefully and sufficiently attenuated in order to be safe. 
25 This requirement can relatively easy be fulfilled for highly virulent microorganisms, because 
they can in most cases be highly attenuated while remaining their vaccinating (immunity- 
inducing) capacities. 

Of-the bacteria mentioned above, Ortiithobacterium rhinotracheale belongs to the so-called 
30 secondary pathogens. A secondary pathogenic bacterium is a bacterium that does not readily 

cause disease in healthy animals. As a consequence, the immune system will not or 

insufficiently be triggered and therefore, no immunity will develop. 

In animals kept under sub-optimal conditions such as high stock density and stress, such 

secondary pathogenic bacteria can however cause dramatic morbidity and mortality. 
35 Thus, for secondary pathogens, the design of a live attenuated vaccine is severely hampered 

by the unpredictable behavior of the bacteria. Unpredictable in the sense that the level of 

virulence of such bacteria does not solely depend on their level of attenuation, but (contrary to 
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what is the case for primary pathogens) also largely on the physical situation of the animal to 
be vaccinated. 

This is a real dilemma as will be sketched below using Ornithobacteriunt rhinotracheale as 
example. 

5 

Ornithobacterium rhinotracheale is a relatively mild bacterium, in the sense that in perfectly 
healthy Specified Pathogen Free (SPF) poultry kept under optimal conditions it might be 
difficult to induce disease at all, even when using non-attenuated, wild-type, bacteria 
Thus, such poultry, be it chickens, turkeys or ducks, even when "vaccinated" with the wild- 
1 0 type bacterium, are not affected and as a consequence they do not build up any protection 
against Ornithobacterium rhinotracheale. An example of a wild-type strain is the 
Ornithobacterium rhinotracheale strain 3263/91 as deposited at the Centraalbureau voor 
Schimmelcultures (CBS), Oosterstraat 1, PO.box 273, 3740 AG Baarn, The Netherlands, 
under accession-number 400.92. 

15 

However, poultry kept under standard conditions for commercial breeding, i.e. a high stock 
density, stress, poor ventilation and/or high ammonia levels, are much more vulnerable to 
Ornithobacterium rhinotracheale. They are severely affected by wild-type Ornithobacterium 
rhinotracheale strains. 

20 Especially if such animals would already suffer from another infection the effect could be 
dramatic. In animals suffering from (sometimes even sub-clinical) infections with other 
bacteria or viruses, the wild-type bacterium often causes massive and severe morbidity. 

In addition to this and unlike other secondary pathogenic bacteria, the pathological effects of 
25 any Ornithobacterium rhinotracheale strain in poultry not only depend on the virulence of the 
strain as such and the physical condition of the infected animal but, especially in the case of 
chickens, also heavily upon the chicken species. It is e.g. well-known in the art, that broilers 
are much more susceptible to Ornithobacterium rhinotracheale infection than layers. 

30 For the reasons given above, the development of a live attenuated vaccine starting from a 
secondary pathogen in general and especially Ornithobacterium rhinotracheale, although 
possible, is complex to say the least_On_the onejiand^even a wild-type strain of these 
bacteria is not capable of inducing protection in perfectly healthy, less susceptible animals, 
whereas on the other hand even an attenuated strain is only suitable in some cases for use in 

35 susceptible animals or animals suffering from stress and other negative environmental factors, 
the suitability highly depending upon the level of stress and the poultry species. 
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Only a live over-attenuated Ornithobacterium rhinotracheale strain would be safe under all 
circumstances in poultry industry and in both broiler chickens and layer chickens. 
An attenuated strain, let alone an over-attenuated strain, will however not trigger any immune 
reaction in healthy, less susceptible animals, because in such animals even the virulent strain 
5 does not trigger an immune reaction. 

This dilemma makes it difficult to provide vaccines based upon live secondary pathogens, 
more specifically Ornithobacterium rhinotracheale, that are both efficacious and safe, 
regardless the kind of animal to be vaccinated and its physical condition. 

10 

It is an objective of the present invention to provide vaccines that add to solving this dilemma. 

In order to reach this goal, the present invention provides a combination vaccine for the 
protection of poultry against Ornithobacterium rhinotracheale wherein the combination 
1 5 vaccine comprises a live over-attenuated Ornithobacterium rhinotracheale strain and a live 
attenuated poultry virus. 

The present invention relates to the surprising finding that even over-attenuated secondary 
pathogenic Ornithobacterium rhinotracheale bacteria are well capable of inducing a 
20 protective response provided that they are given in combination with a live attenuated poultry 
virus. Such over-attenuated secondary pathogenic bacteria are inherently safe because they 
only cause rri&derate clinical signs even when they would accidentally be administered%t a 
moment in time at which a field infection with a wild-type virus has occurred. 

25 An over-attenuated Ornithobacterium rhinotracheale bacterium is a bacterium that (contrary 
to an attenuated Ornithobacterium rhinotracheale strain) is not capable of inducing a 
protective immune response to Ornithobacterium rhinotracheale in primed animals. A primed 
animal is an animal that has received, prior to administration of the vaccine, a virulent 
pathogen that predisposes for infection with a secondary pathogenic bacterium. 

30 Primed animals provide an objective animal model for testing the level of attenuation. 

Animals randomly taken from commercial farms would not provide a stable model, because 
inherently, their physical condition is difficult to establish and highly variable. Primed 
animals, contrary to this, are of known SPF-origin, they are by definition in good health and 
they received, as a priming, a well-defined amount of a well-defined pathogen. 

35 The priming virus of choice for the chicken model is Newcastle Disease virus. Turkey 
Rhinotracheitis virus is the priming virus of choice in turkeys. Thus, in order to see if an 
attenuated Ornithobacterium rhinotracheale bacterium for use in chickens indeed behaves 
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over-attenuated in chickens, this should be tested in chickens primed with Newcastle disease 
virus, as is e.g. indicated in the Examples section. 

A protective immune response is an immune response that gives, after challenge, a 
5 statistically significant decrease in respiratory tract lesion score of equal or more than 50% 
compared to non-vaccinated animals. The respiratory tract lesion score test is explained in the 
Examples section. 

The nature of the mutation(s) leading to the over-attenuated behavior is not critical. Many 
attenuating mutations known in the art are suitable. Suitable Ornithobacterium rhinotracheale 

1 0 mutations are e.g. the classical PurD-, RecA- and Aro-mutations, known in the art for many 
bacterial species. Also, many temperature-sensitive mutants are suitable. Of these, PurD- and 
RecA-mutations are preferred. The PurD gene encodes a protein that is involved in the Purine 
ribonucleotide biosynthesis. A PurD-mutation is defined as a mutation that disturbs the Purine 
ribonucleotide biosynthesis in the sense that such a mutant makes less or less active or no 

1 5 PurD gene product compared to wild type Ornithobacterium rhinotracheale strains. 

The RecA gene encodes a protein that is involved in recombination processes. A RecA- 
mutation is defined as a mutation that disturbs recombination processes in the sense that such 
a mutant makes less or less active or no RecA gene product compared to wild type 
Ornithobacterium rhinotracheale strains. 

20 Mutations such as PurD- and RecA-mutations are most easily obtained by simply deleting the 
gene encoding PurD and RecA. Such (site-directed) mutation techniques are well-known in 
the art. li * 



The level of attenuation of the live attenuated viral component of the combination vaccine 
25 according to the invention is not critical. Usually, a live attenuated viral vaccine strain will be 
chosen that is suitable as a vaccine, i.e. a strain that induces protection against infection 
without causing an unacceptable level of pathogenicity . Many live attenuated viral poultry 
vaccines are commercially available. Such strains can simply be purchased from various 
producers. 

30 

Suitable live attenuated poultry viruses are e.g. Infectious Bronchitis virus, Turkey 
Rhinotxacheitis virus, Newcastle Disease virus, Avian Reo virus and Marek's virus. 



Examples of suitable live attenuated viral vaccine strains especially suitable in chickens are 
35 e.g. Nobilis IB 4/91, D1466, D274, H120, H52 and MAS (IBV), Nobilis ILT (ILT), Nobilis 
Marek THV, Rismavac, SBland Marexine CA126 (MDV) and Nobilis ND Broiler, Clone 30, 
Hitchner, LaSota, Nobilis NDC2/Nobilis Newhatch C2 and Nobilis MA5. Such vaccines are 
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available from Intervet International B.V., Wim de Korverstraat 35, 583 1 AN Boxmeer, The 
Netherlands. 

Nobilis Duck Plague is especially suitable for use in combination vaccines for ducks. 
Nobilis TRT is especially suitable for use in combination vaccines for turkeys. 

5 

Preferably, the viral component of the combination vaccine is administered via the same route 
as the live over-attenuated Ornithobacterium rhinotracheale vaccine. Ornithobacterium 
rhinotracheale causes respiratory disease and sometimes severe inflammation reactions in the 
joints. These inflammation reactions are often seen when Ornithobacterium rhinotracheale 
1 0 enters the blood stream. Therefore, a suitable route of administration especially for combating 
inflammation reactions in the joints is subcutaneous or intramuscular injection of both the 
bacterial component and a live attenuated poultry virus causing systemic reactions. Examples 
of viruses, preferred for administration in the combination vaccine according to the invention 
are live attenuated Avian Reovirus, preferably Nobilis Reo 1 133 and 2177, and Marek's virus. 

15 

Ornithobacterium rhinotracheale being a mainly respiratory disease, a preferred route 
however would be oral/nostril/respiratory tract vaccination. A more preferred route of 
vaccination would be vaccination by spray/aerosol, since in that case, the combined 
components would most directly reach the respiratory tract and other spots where immunity is 
20 most needed. 

The preferred live attenuated viral components for oral- nostril- or respiratory tract 
application are those viruses known to cause respiratory disease, specifically Infectious 1 
Bronchitis virus, Turkey Rhinotracheitis virus and Newcastle Disease virus. 

25 Of these, Nobilis TRT, Nobilis NDC2/Nobilis Newhatch C2 and Nobilis MAS are the most 
preferred. 

Although preferred, both the active components of the combination vaccine do not necessarily 
have to be administered in a mixed form The way of administration for each component may 

30 depend on the specific properties of each of the components. For example, although 

administration by injection of such vaccines is also contemplated, the live over-attenuated 
Ornithobacterium rhinotracheale vaccine strains are preferably administered by the 
inexpensive mass application techniques commonly used for vaccination and well-known in 
the art, such as spraying/aerosol or drinking water application. It is very well possible that the 

35 viral component is preferably given through another route, e.g through parenteral 
administration. 
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Also other routes of administration are contemplated such as in ovo vaccination, of course 
with the proviso that the specific active component is able to evoke a protective immune 
response after administration. 

5 Also, if both the bacterial and the viral component of a certain combination vaccine according 
to the invention would preferably be administered by spraying, this would not necessarily 
mean that they are both sprayed through the same nozzle. It could well be possible that, due to 
differences in viscosity of both the bacterial and viral component, the carriers and/or any 
excipients, both vaccine components are preferably sprayed through different nozzles. 
1 0 Nevertheless, this would of course still lead to the beneficial and synergistic effect that both 
the viral and the bacterial component of the combination vaccine have: after all, they would 
both reach the respiratory tract and exert their joined beneficial effect. 
Thus, it goes without saying that such separate administration of both components still gives 
the surprising effect and therefore is within the scope of the invention. 

15 

The present invention relies upon the feet that the live attenuated viral component triggers the 
animal in such a way that the over-attenuated Ornithobacterium rhinotracheale vaccine strain 
stays longer in the respiratory tract and more severely attacks the system. Jh pathogen-free 
hosts, the bacterium will disappear within one or two days. Most live attenuated poultry 

20 viruses (e.g. vaccine viruses) stay in the respiratory tract for up to a week at least 

Therefore, the advantages of the present invention can also be achieved if the components of 
the combined vaccine are administered to the birds separated by a small interval of time. The 
unexpected synergetic effect as described in the present invention will e.g. readily be obtained 
if the live attenuated viral component is given in the period between seven days before, and 

25 two days after the live over-attenuated Ornithobacterium rhinotracheale vaccine strain is 
given. 

Therefore, combination vaccines of live over-attenuated Ornithobacterium rhinotracheale 
and a live attenuated poultry virus as described in the present invention include those 
combinations in which the live attenuated viral component is given in the period between 
30 seven days before, and two days after the live over-attenuated Ornithobacterium 

rhinotracheale vaccine strain is given, and include those combinations in which the live 
attenuated viral component and the live over-attenuated Ornithobacterium rhinotracheale 
component are administered at different sites. 

Merely as an additional example: the advantageous effect of the combination vaccine can also 
35 be obtained if one of the components, e.g. the live attenuated poultry virus is administered in 
ovo shortly before hatching, i.e. in the last quarter, preferably at day 18, and the live over- 
attenuated Ornithobacterium rhinotracheale vaccine strain is administered 0-7 days after 
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hatching by e.g. spraying. Preferably, the amount of time between both vaccinations 
preferably does not exceed 7 days. 

Preferably, the vaccination with the combi-vaccine is at one day of age. In a more preferred 
5 form of this embodiment, the live attenuated poultry virus and the live over-attenuated 

Ornithobacterium rhinotracheale vaccine strain are administered at the same time, if only for 
ease of application. In an even more preferred form, the live attenuated poultry virus and the 
live over-attenuated Ornithobacterium rhinotracheale vaccine strain are administered by 
. means of spraying. 

1 0 Spraying can be done through a course spray giving visible droplets, or through the use of a 
nozzle that provides a fine mist The latter has the advantage that the vaccine more efficiently 
reaches the lower parts of the respiratory tract. 

The vaccine according to the invention comprises an effective dosage of the active 
1 5 components, i.e. an amount of immunizing active component that will induce protective 

immunity in the vaccinated birds against challenge with Ornithobacterium rhinotracheale and 
preferably to the live attenuated viral component of the combination vaccine. (Induction of a 
protective immunity in the vaccinated birds against the viral component of the combination 
vaccine is of course desirable, but not in principle necessary). 

20 

As mentioned above, a protective immune response is an immune response that gives, after 
challenge, a (statistically significant) decrease in respiratory tract lesion score of equal or 
more than 50% compared to non-vaccinated animals. In poultry, a higher level of protection 
against Ornithobacterium rhinotracheale would e.g. follow directly from a comparison of 
25 lesion scores of vaccinated versus non-vaccinated animals after challenge. 

The Ornithobacterium rhinotracheale component can in principle be administered in a 
suitable dose of between 10 3 and 10 10 colony forming units. 

Typically, the Ornithobacterium rhinotracheale component will be administered in a dose of 
30 between 10 s and 10 8 colony forming units. 

The live attenuated poultry virus component will usually be given also in a dose of between 
10 3 TCDD50 and 10 7 TOD50, although this might of course strongly depend upon the amount of 
viruses prescribed by the manufacturer of the live attenuated viral component 

35 
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The combination vaccine can be used as a primary vaccination, if desired followed by one or 
more booster vaccinations. The combined vaccine is also suited for incorporation in 
vaccination programs that also involve the use of other vaccines in a live or inactivated form. 
Merely as an example, broilers may be vaccinated at one day of age followed by a booster 
5 immunization at 10-21 days. Laying stock or reproduction stock may be vaccinated at 1-10 
days followed by booster vaccinations at 26-38 days and 16-20 weeks. 

In a more preferred form, the combination vaccine comprises a combination of an over- 
attenuated Omithobacterium rhinotrachecde and Newcastle Disease virus, even more 
1 0 preferably NCD Clone 30, obtainable from Intervet International B.V., Wim de Korverstraat 
35, 5831 AN Boxmeer, The Netherlands. 

In an still even more preferred form, the combination vaccine comprises a combination of an 
over-attenuated Omithobacterium rhinotrachecde and Newcastle Disease virus NDC2, as 
deposited at the CNCM of the Institut Pasteur, 25 Rue du Docteur Roux, Paris, France under 
1 5 Accession number 1-1614. 

In another more preferred form, the combination vaccine comprises a combination of an over- 
attenuated Omithobacterium rhinotracheale and a live attenuated Turkey Rhinotracheitis 
vims, even more preferably Nobilis TRT, obtainable from Intervet International B.V., Wim 
20 de Korverstraat 35, 5831 AN Boxmeer, The Netherlands. 

In again another more preferred form, the combination' vaccine comprises a combination of an 
over-attenuated Omithobacterium rhinotracheale and a live attenuated Infectious Bronchitis 
virus, even more preferably Nobilis MAS, obtainable from Intervet International B.V., Wim 
25 de Korverstraat 35, 5831 AN Boxmeer, The Netherlands. 

In still another more preferred form, the combination vaccine comprises a combination of an 
over-attenuated Omithobacterium rhinotracheale and a live attenuated Avian Reovirus, even 
more preferably Nobilis Reo 1 133 or 2177, obtainable from Intervet International B.V., Wim 
30 de Korverstraat 35, 5831 AN Boxmeer, The Netherlands. 

The invention also relates to combination vaccines comprising, in addition to the two active 
components defined above, one or more additional antigens derived from a virus or micro- 
organism pathogenic to poultry or genetic information encoding said antigen. 

35 

More preferably, die virus or micro-organism is selected from the group consisting of 
Infectious Bronchitis virus, Infectious Bursal Disease (Gumboro), Chicken Anaemia agent, 
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Avian Reo virus, Mycoplasma gallisepticum, Turkey Rhinotracheitis virus, Haemophilus 
paragallinarum (Coryza), Chicken Poxvirus, Avian Encephalomyelitisvirus, Duck Plague 
virus, Egg Drop syndrome virus, Infectious Laryngotracheitis virus, Herpes Virus of Turkeys, 
Eimeria species, Ornithobacterium rhinotracheale, Pasteuretta multocida, Mycoplasma 
5 synoviae, Salmonella species andi£ coli. 

The vaccine according to the invention can be prepared and marketed in the form of a 
suspension, or in a lyophilized form and additionally contains a phaimaceutically acceptable 
carrier customarily used for such active components. Carriers include stabilisers, diluents, 
1 0 preservatives and buffers. 

Suitable stabilisers are for example SPGA, carbohydrates (such as dried milk, serum albumin 
or casein) or degradation products thereof Suitable buffers are for example alkali metal 
phosphates. Suitable preservatives are thimerosal, merthiolate and gentamicin. Diluents 
1 5 include water, aqueous buffers (such as buffered saline), alcohols and polyols (such as 
glycerol). 

If desired, the vaccine according to the invention may contain an adjuvant. Suitable 
compounds or compositions for this purpose include alum hydroxide, -phosphate, or -oxide, 
20 oil-in-water or water-in-oil emulsions based upon for example mineral oil, such as Bayol F 
or Marcol 52® or a vegetable oil such as vitamin E acetate, and saponins. 

Preferably, both the bacterial and the viral component of the combination vaccine according 
to the invention are packaged in a mixed form in the same container. They could be freeze- 
25 dried or stored at low temperature thereafter. 

The present invention also contemplates a kit format which comprises a packaged multi- 
container unit having containers each comprising one of the active components as defined 
above. The kit may additionally comprise a container with a carrier for one or both of the 
30 active components, in which case the carrier preferably comprises an adjuvant Such a kit is 
e.g. advantageous in case the active components are preferably not freeze-dried or premixed 
together, or when the active components are preferably administrated separated in place 
and/or time. 

The active components of the kit according to the invention, i.e. the live over-attenuated 
35 Ornithobacterium rhinotracheale strain and the live attenuated poultry virus, and possibly a 
third and further active components, can be mixed prior to vaccination, or administered 
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separately, at different administration sites and/or different moments of administration with 
the proviso's indicated above. 

Still another embodiment of the present invention relates to the use of a live over-attenuated 
5 Ornithobacterium rhinotracheale strain and a live attenuated poultry virus for the 
manufacturing of a combination vaccine for the protection of poultry against 
Ornithobacterium rhinotracheale. 

Also, another embodiment relates to the use of a live over-attenuated Ornithobacterium 
1 0 rhinotracheale strain and a live attenuated poultry virus for the manufacturing of a 

combination vaccine for the protection of poultry against Ornithobacterium rhinotracheale, 
wherein the live over-attenuated Ornithobacterium rhinotracheale strain and the live 
attenuated poultry virus are administered simultaneously, separately or sequentially. 
Simultaneous administration is administration of the live over-attenuated Ornithobacterium 
1 5 rhinotracheale strain and the live attenuated poultry virus at the same moment in time, 

preferably injected as a mixture, sprayed as a mixture sprayed from one nozzle or given as a 
mixture in the drinking water. Separate administration is administration of the live over- 
attenuated Ornithobacterium rhinotracheale strain and the live attenuated poultry virus from 
two different injection sites or, when sprayed, e.g. from two different nozzles, preferably at 
20 the same moment in time. Sequential administration is administration during which the live 
over-attenuated Ornithobacterium rhinotracheale strain and the live attenuated poultry virus 
are administered at different moments in time. The conditions for the various moments of 
administration are discussed above. 

25 Again another embodiment of the present invention relates to methods for the preparation of a 
combination vaccine for the protection of poultry against Ornithobacterium rhinotracheale. 
Such methods comprise the admixing of a live over-attenuated Ornithobacterium 
rhinotracheale strain, a live attenuated poultry virus and a pharmaceutically acceptable 
carrier. 

30 Such methods may also and/or alternatively comprise the packaging of a live over-attenuated 
Ornithobacterium rhinotracheale and a live attenuated poultry virus in separate containers 
that form part of a kit 
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EXAMPLES 
Example 1 

Preparation of live over-attenuated Ornithobacterium rhinotracheale strains. 
5 Two commonly known attenuation targets, viz. purD and recA, were selected to create 
mutants. 

Since serotype A strains are the most predominant and is also known to provide cross- 
protection against infections with other serotypes, this serotype was used to create the 
mutants. 

10 

Bacterial strains and plasmids 

Escherichia coli host strains TOP10 and TOPI OF were purchased from Invitrogen (Carlsbad, 
CA). pUC19 was derived from Clontech laboratories (Palo Alto, CA). 
An Ornithobacterium rhinotracheale strain serotype A (OR-l (095264 95 2932) Van Empel, 
1 5 P.CM.; Molecular identification of Ornithobacterium rhinotracheale', (1998) ISBN 90-393- 
1574-4. Page 45.) was used as host strain for electroporation and homologous recombination. 
Chromosomal DNA of Ornithobacterium rhinotracheale strain 3263/91 (see above) was used as 
PCR template for making deletion constructs. 

20 Culture media, buffers and antibiotics 

Luria-Bertani (LB) broth and terrific broth (TB, Sambrook, J., E.F. Fritsch, and T. Maniatis. 
Molecular cloning: a laboratory manual. (1989) Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y.) were used for liquid growth of bacterial Escherichia coli strains. For 
Ornithobacterium rhinotracheale (OR) Todd Hewitt (Becton Dickinson, Franklin Lakes, NJ, 

25 non irradiated) was used. For OR on plates, blood agar or Todd Hewitt agar supplemented 

with 4% sheep blood was used. LB agar plates were poured from melted LB-agar, which was 
cooled to 45°C and then the appropriate antibiotics were added. 

■ 

Oligonucleotides 

30 All oligonucleotides were obtained from Life Technologies ™ Gibco BRL (Paisley, UK) and are 
indicated in Table 1. Their location in the sequence is shown in figure 2A and B. 

PCR amplification 

PCR amplification was performed where the PCR mixture for cloning the recA and purD 
35 genes consisted of 40 U/ml of SuperTaq plus; lx SuperTaq PCR buffer, 80 jiM (each) of 
dATP, dCTP, dGTP and dTTP (HT BioTechnology Ltd., Cambridge, UK); 0.4 \iM of both 
oligonucleotides and 1 \x\ of chromosomal DNA as template. Samples were analyzed on an 
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agarose gel. For the overlap extension PCR (OE-PCR) the first POR. products were diluted a 
hundred fold and mixed 1:1. Then PCR was performed with the outer primers as described 
below. 

The colony PCR method was performed as follows: part of the colony was picked from an 
5 agar plate and transferred into a PCR tube. The PCR mixture was added, containing: 10 U/ml 
of SuperTaq DNA polymerase; Ix SuperTaq PCR buffer; 80 fiM (each) of dATP, dCTP, 
dGTP and dTTP (HT BioTechnology Ltd., Cambridge, UK) and 0.4 pM of both 
oligonucleotides. Samples were analyzed on an agarose gel. 



1 0 Table 1 . Oligonucleotides (primers) used for preparation of insertion-deletion constructs. 




PurD-Ett 



CTTAAGCTTGGATCCTTGTGGCGTGGCTTTAG 



3) 



PurDOB~R 



CTTCTAGCGTAGCGC CA GATCT CATXTGTVCGGT 
TCCAGCGTTTCC 



Bgin site (underlined) and 
overlap with PurD-OErF 
(italics) 



PurD-OErE 



GAGA TCTGGCGCTA CGCTAGAAGAAGCC 



Bgin site (underlined) and 
overlap with PurD-OB-R 
(italics) 



PurD-RS 



CTTAAGCTTCAGTGGAGCGGCAGATACAGAG 



Hindlll site (underlined) 



RecA-E6 



CTTAAGCTTGGAGCGTGTAGTGCTCGCCATCG 



Hindlll site (underlined) 



recA-OE-R 



ACCGC^CGCACGAGMCTCGGGCTTYXjTCGC^ 
ATCATCATCAC 



BglU site (underlined) and 
overlap with recA-OE-E 
(italics) 



recA-OE~E 



CGAGATCTCGTGCGTGCGGTATTGAAAG 



Bgin site (underlined) and 
overlap with recA-OE^R 
(italics) 



RecA-R5 



CTTAAGCTTCCCAG<XAATTCGGCrCGTTTCAC 



Hindlll ate (underlined) 



Nucleotide sequence analysis 

The nucleotide sequences of the purD and recA genes and their surroundings were determined. 
1 5 Sequencing was performed using a cycle sequencing protocol on a Perkin Elmer 9700 DNA 

dnator ready 



5mM MgGt) and aqua dest in a total of 20 \xL 

20 DNA manipulations 

For sequencing, thepurD and recA genes and their flanking regions were amplified by PCR and 
cloned into a general purpose cloning vector. 
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Electroporation of Ornithobacterium rhinotracheale. 

Ornithobacterium rhinotracheale was made electro-competent by growing in Todd-Hewitt 
broth until an OD 600 nm of 0.3. During further manipulations, the cells were kept on ice. 
5 The culture was washed twice with ice-cold water and once with ice cold 10 % glycerol. This 
suspension was centrifuged again and the cells were resuspended in 0.5 ml of 10% glycerol 
and stored on ice until use. 

Electroporation was performed using a BTX ECM630 Genepulser (San Diego, CA). 1-2 \xg 
of plasmid DNA was mixed with 50 \i\ of electro competent Ornithobacterium rhinotracheale 
1 0 cells in a 2 mm cuvette. A pulse of 20-24 msec, was delivered using 2500V; HV capacity; 25 
\i¥ and 800 After electroporation, 1 ml of TH broth was added and the cells were 
recovered for 2 hours at 37°C and 100 RPM. Viability was checked on blood agar plates. 
Antibiotic resistant colonies were selected on TH agar with 4 % blood and antibiotic at a 
selective concentration. 

15 

UV-sensitivity of recA recombinants. 

In order to check a recombination in the recA gene, its sensitivity to UV was tested. Bacteria 
were plated onto blood agar and UV irradiated with a wavelength of 365 nm at a distance of 
about 10 cm. Different exposure times were tested, ranging from 0 to 120 seconds. Plates 
20 ware then incubated and growth of rec4-mutant colonies were compared to growth of purD- 
mutant colonies and colonies of the wild type strain. 

RESULTS 

Sequencing recA and purD. 
25 To obtain the sequence of the purD and recA genes of OR 9 degenerate primers were 

developed based on conserved regions of the genes derived from closely related bacteria. By 
means of genome walking, the flanking regions were determined. The complete sequences 
and the relevant features are shown in figure 2A for purD and figure 2B for recA. 

30 Construction of the recA and purD deletion and insertion-deletion constructs. 
The strategy for construction an insertion-deletion mutant is depicted in Figure 1 . 
Eor-the-panD mutant the procedure was as follows. First, PCR on genomic Ornithobacterium 
rhinotracheale DNA was performed using 2 primer sets purD-Fl3 (+HindHI site) with purD- 
OE-R (upstream purD) andpurD-QE-F with purD-KS (+Hindm site) (downstream purD) to 

35 amplify die flanking regions of the purD gene. Overlap-extension PCR was performed with 
the purD-T13 and ihepurD-RS primers using both purD PCR fragments as templates since 
the OE-R and OE-F primers overlap. This results in PCR fragments that contain both flanking 
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regions of the purD gene and therefore the biggest part of the purD gene is deleted. These 
fragments were digested with HindlU and cloned into pUC19. Then an antibiotic resistance 
marker present on a 1 2 fcb BamHI fragment was introduced in the BgUI site that was included 
in the overlap sequence of the OE-F and OE-R primers. 
5 A similar approach was followed for construction of the recA insertion-deletion construct. 
Primers recA-F6 and recA-OE-R (upstream recA) 9 and recA-OE-¥ and recA-R5 (downstream 
recA) were used in PGR for the flanking regions of the recA gene. OE-R and OE-F primers 
overlap and have an additional BgUI site for insertion of the antibiotic resistance marker. 
The constructs were verified, plasmid DNA was isolated and used to electroporate 
1 0 Ornithobacterium rhinotracheale. 



Verification of the mutation in recombinants. 

After electroporation, colonies were obtained for both the recA and purD constructs, that 
showed antibiotic-resistance. 
1 5 Mutants for both genes were confirmed by PCR. The recA mutant clones were additionally 
confirmed by testing for their sensitivity to UV irradiation; the purD mutants and the parent 
strain were able to survive UV exposure times for more than 40 sec whereas the recA mutant 
died after 10 sec of irradiation. 



Example 2 

Comparison of induction of protection of over-attenuated Ornithobacterium 
rhinotracheale strains. 



Vacc. 2 weeks 
2*10 7 CFU/ml 


Prim. Day 
23 


Chall. Day 28 
3*10 8 CFU 


Resp. 
score. 


0.r. RecA 


NDV 


100 ml spray 


46 


O.r. PurD 


NDV 


100 ml spray 


35 




NDV 


100 ml spray 


51 



25 

Table 2: comparison of level of protection of over-attenuated mutants. Vaccine strains were 
applied by spraying. Each group consis t ed of-^S-chic&ens. Challenge was done with wild- 
type. Respiratory scores are given as a percentage of the maximally possible score of the 
challenged group. 

30 The affected organs of the birds were scored in a numerical scoring system: 



WO 2005/063284 

16 



PCT/EP2004/053623 



Thoracic air sacs (TAS): 0 = no abnormalities, 1 = one air sac seriously affected by fibrinous 
airsacculitis or limited pinhead-sized foci of fibrinous exudate in both air sacs, 2 = both air 
sacs seriously affected by fibrinous airsacculitis. 

Abdominal air sacs (AAS): 0 = no abnormalities, 1 = pinhead-sized foci of fibrinous exudate 
5 or slight diffuse airsacculitis, 2 = severe fibrinous airsacculitis. 

Pneumonia: 0 = no abnormalities, 1 = unilateral pneumonia, 2 = bilateral pneumonia. 
Trachea: 0 = no abnormalities, 1 = some exudate in the tracheal lumen, 2 = lumen of trachea 
filled with exudate. 

1 0 Table 2 shows the result of a vaccination experiment in which two weeks old chickens were 
vaccinated by spray-vaccination of 2*10 7 CFU in 100 ml spray solution of a RecA-mutant and 
a PurD-mutant of Ornithobacterium rhinotracheale. Priming was done with an NDV Lasota 
vaccine strain at day 23, and challenge with a wild-type Ornithobacterium rhinotraclieale 
strain was done at day 28. The level of protection was determined by counting the trachea and 

1 5 lung lesions. 



The figures of the respiratory lesion score (see column resp. score in table 2) are to be 
interpreted as follows: the maximal possible lesion score is taken as 100% score. Non- 
vaccinated animals show a lesion score of 51%, and 'Vaccinated" animals have a lesion score 

20 of 46% (RecA) or 35% (PurD). This means that "vaccination" with RecA or PurD gives a 
level of protection of 8% (100%<46*100%/51)) or 30% respectively. 
A protective immune response, as defined above, is an immune response that gives, after 
challenge, a (statistically significant) decrease in respiratory tract lesion score of equal or 
more than 50% compared to non-vaccinated animals. 

25 It follows from table 2 that the respiratory lesion score of the groups that received vaccination 
with a mutant of Ornithobacterium rhinotracheale does not significantly differ from the 
respiratory lesion score found with the non-vaccinated animals. 

Conclusion: a RecA-mutant and a PurD-mutant of Ornithobacterium rhinotracheale, if given 
as such, are not capable to raise a protective immune response in chickens. 



30 



WO 2005/063284 



17 



PCT/EP2004/053623 



Example 3 

Comparison of induction of protection of over-attenuated Ornithobacterium 
rhinotracheale strains after priming and boosting. 



Vacc. Day 1 2*10 7 1 
CFU/ml strain 
RecA 


Boost 2 weeks 2* 10 7 
CFU/nil strain RecA 


Prim. Day 
23 


Chall. Day 28 
A: 4*10 7 . Spray. 


Resp. I 
score. | 






NDV 


A 


27 


Nostr./conj.0.2 ml 


Spray 100 ml 


NDV 


A 


19" 



5 

Table 3: comparison of level of protection obtained with over-attenuated mutants after a first 
administration followed by a booster administration. Each group consisted of 12 chickens. 
Respiratory scores are given as a percentage of the maximally possible score of the 
challenged group. Challenge was done with wild-type 



10 (b) not statistically different from non-vaccinated control. 

Table 3 shows the result of a vaccination experiment in which chickens have been vaccinated 
first in the nostrils and then boosted after two weeks by spray-vaccination using a RecA- 
mutant of Ornithobacterium rhinotracheale. Priming was done with an NDV Lasota vaccine 

1 5 strain at day 23, and challenge with a wild-type Ornithobacterium rhinotracheale strain was 
done at day 28. The level of protection was determined by counting the respiratory lesions. 
As can be seen in the last column, the respiratory lesion score of the groups that received two 
subsequent vaccinations with a RecA-mutant of Ornithobacterium rhinotracheale does not 
significantly differ from the respiratory lesion score found with die non-vaccinated animals. 

20 Conclusion: a RecA-mutant of Ornithobacterium rhinotracheale is not capable, even when 
given twice, to raise a protective immune response in chickens. 
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Example 4 

Induction of lesions by over-attenuated mutants and wild-type strains. 



1 Prim. Day 
23 


Chall.Day28 ~1 
100 ml spray 


Resp. 
score. 


NDV 


RecA7*10 7 


22 


NDV 


PurD 2*10" 


24 


NDV 


Wild-type 


59 



5 Table 4: comparison of induction of lesions by over-attenuated mutants and wild-type strains. 
Each group consisted of 12 chickens. Respiratory scores are given as a percentage of the 
maximally possible score of the challenged group. 

Table 4 shows the results of challenge with both an RecA-mutant, a PurD-mutant and a wild- 
1 0 type strain of Ornithobacterium rhinotrachecde. No vaccination took place prior to priming 
and challenge. As can be seen from the last column, the mutants give a respiratory lesion 
score that is less than half the respiratory lesion score found after challenge with the wild-type 
strain. This clearly shows that the mutants behave mild, even without prior vaccination, and 
even after priming with a relatively "hof * NDV-strain, i.e. the Lasota strain. 

15 

Example 5 

Comparison of protection of Ornithobacterium rhinotracheale/NDV combination vaccines 
after subsequent challenge. 

Experimental design 

20 A 125 1 -day-old SPF broiler chickens were used. At 1-day-old all chickens were spray 

vaccinated with live attenuated NDV and subsequently groups of 25 chickens were aerosol 
vaccinated with either of the mutant strains recA andpurD or the wild type strain 3263/91 
(serotype A) or were left unvaccinated (challenge controls). At 9 days after vaccination 10 
chickens of each' group were sacrificed for post-mortem examination to assess the safety of each . 

25 vaccine. The remaining chickens (15 per group) were spray treated with ND-Lasota at 25-days of 
age and aerosol challenged with wild-type Ornithobacterium rlnnotracheale 3263/91 (serotype 
A) at 31 days of age. Seven birds of each group were additionally challenged intravenously. At 
38 days of age the chickens were killed and post-mortem examined to assess the efficacy of each 
vaccine. 
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In addition to a non-Ornifliobacterium rhinotracheale-vzLccmated challenge control group, a 
non-Omithobacterium rhinotracheale-vaccmated and non-challenged control group was used 
as NDV-control group. 

The detailed experimental design and treatment schedule is shown in Table 5. 

5 

Omithobacterium rhinotracheale vaccine cultures 

For aerosol vaccination with the wild type Omithobacterium rhinotracheale 3263/91 
(serotype A), recA and purT> 9 fresh cultures in Todd-Hewitt broth containing 6.7x10 
CFU/ml, 3.9xl0 7 CFU/ml and 2.6xl0 8 CFU/ml, respectively, were used. The dose for aerosol 
1 0 vaccination was 100 ml per isolator. 

ND suspensions 

NDV-strain NDC2 has been deposited at, and is obtainable as Nobilis NDC2/Nobilis 
Newhatch C2 , or from the CNCM of the Institut Pasteur, 25 Rue du Docteur Roux, Paris, 
1 5 France under Accession number 1-1614. ND-Lasota was obtained from Ihtervet Int. B.V. (see 
above). The dose for NDC2 was lO^EIDso per animal (corresponding to 2ml per bird) and 
for ND-Lasota 10 6 * 6 EID50 per animal (corresponding to 3 ml per bird), using a 1 L spray can. 

Omithobacterium rhinotracheale challenge culture 
20 For aerosol challenge a fresh culture of wild-type Omithobacterium rhinotracheale strain 

3263/91 (serotype A) in Todd-Hewitt broth containing 4.3xl0 8 CFU per ml (as determined by 
plate counting) was used. 

Animals: 125 1 -day-old SPF Hybro broilers were used. 

25 

Grouping and dosing (vaccination / challenge) 

Chickens were randomly divided (as they came to hand) over the different isolators and were 
treated as shown in Table 5. 

NDC2 (1-day-old) or ND-Lasota (25-day-old) were given by spray using alL spray can: 2ml 
30 par bird or 3 ml per bird, respectively. The birds remained in the spray for 10 minutes with the 
air-circulation closed. At 1 -day-old the birds were first treated with TQDC2 and subsequently 
with Omithobacterium rhinotracheale. 

Omithobacterium rhinotracheale vaccine (1-day-old) as well as Omithobacterium 
rhinotracheale challenge (3 1-day-old) was given by aerosol at a dose of 100 ml per isolator 
35 using a paint sprayer. 

After the aerosol challenge 7 birds of each group were additionally challenged intravenously 
at a dose of 1 ml into the wing vein. 
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Postmortem investigations 

Birds that died during the experiment were subjected to a post-mortem examination to 
determine the cause of death. 
5 At 10-day-old (9 days after vaccination) 10 birds per group were sacrificed and subjected to a 
post-mortem examination to assess the safety (attenuation) of the (vaccine) strains compared 
to the wild type. At 38 days of age (7 days after challenge) the (remaining) challenged birds 
were killed and also subjected to a post-mortem examination to assess the efficacy of the 
different strains. 

1 0 The affection rates of the groups are given as a percentage of the maximal possible lesion 
score of the group. 

Statistical analysis 

The total lesion scores per group (compared to the controls) were analysed two-sided using 
15 the non-parametric Mann-Whitney U test. The level of significance was set at 0.05 . 

Results and conclusion 

Concurrent aerosol vaccination at 1 -day-old with live attenuated NDV and wild type 
Ornithobacterium rhinotracheale induced unacceptable lesions after vaccination but also (as a 
20 result of that) induced a strong protective response as evidenced after challenge where this 
group had the least post-mortem scores. Apparently, the initial lesions caused by the 
vaccination had already disappeared at time of challenge. 

Concurrent aerosol vaccination at 1 -day-old with live attenuated NDV and recA otpurD 
mutant Ornithobacterium rhinotracheale strains demonstrated a good level of safety as well 
25 as efficacy. 

As follows from table 5, concurrent aerosol vaccination of 1 -day-old SPF broilers with live 
attenuated NDV and recA or purD mutant strains appeared safe and to induce a good level of 
immunit y against challenge with wild type Ornithobacterium rhinotracheale. 

30 

F/ramnle 6 

Comparison of protection of Ornithobacterium rhinotracheale/MAS combination 
vaccines after subsequent challenge. 



WO 2005/063284 



21 



PCT/EP2004/053623 



In this experiment, Infectious Bronchitisvirus type MA5 was used as the live attenuated viral 
component. Additionally, the experiment with Ornithobacterium rhinotracheale/NDV 
combination vaccines was repeated. 

The experimental set-up of this Example was largely identical to that of Example 5. Where 
5 different numbers of animals or different moments of vaccination or challenge apply, this is 
indicated in table 6. This table also gives an overview of the vaccines used and the 
vaccination schedule, as well as the level of protection obtained 
MA5 suspensions: live attenuated Infectious Bronchitisvirus (JBV) type MA5 (Ihtervet 
International B.V., Wim de Korverstraat 35, 5831 AN Boxmeer, The Netherlands) was used 
10 at a concentration of 5 .5 log 10 EDD 5 o per animal, and applied by spraying. 



Conclusion 

As follows from table 6, concurrent aerosol vaccination of 1 -day-old SPF broilers with IBV 
MA5 and PurD-mutant strains induces a good level of immunity against challenge with wild- 
1 5 type Ornithobacterium rhinotracheaJe. Additionally it follows from table 6, that concurrent 
aerosol vaccination of 1-day-old SPF broilers with NCD and PurD-mutant strains induces a 
good level of immunity against challenge with wild-type Ornithobacterium rhinotrachecde as 
was also demonstrated in Example 5. 
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Legend to the figures 

Figure 1: cloning strategy for making mutation constructs of recA and purD genes in OR. 
Overlap extension PCR was used to create a deletion in the open reading frame of the gene of 
interest and these fragment were cloned in pUC19. Subsequently an antibiotic resistance 
marker gene (BamHI fragment) was cloned into the BgUI site of the gene of interest 
(insertion-deletion constructs). 

Figure 2 A: Sequence oipurD and localization of primers used for cloning and verification of 
mutants. 

Figure 2B. Sequence of recA and localization of primers used for cloning and verification of 
mutants 



